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INJECTION OF EPINEPHRINE. A REVIEW AND INTERPRETATION.
STANLEY T. MICHAEL
The time-honored, useful, and frequently applied laboratory test of clinical
medicine-the white blood cell count-is acquiring new meaning through
recent discoveries in the basic sciences of medicine. The observation by
Dougherty and White,16"17'19 and by Reinhardt, Aron, and Li,58 of the
dissolution of lymphocytes by the action of adrenocortical hormone pro-
vokes reinterpretation of a number of physiological and pathological
phenomena which have long been known to be accompanied by changes in
the level of circulating leucocytes. The following discussion will be focused
on an interpretation of the leucocytic changes which occur during brief
stress.
The adrenal cortex and its secretory activity are important factors in the
adaptation of the total organism to stress situations.63 A great variety of
stress situations such as exposure to cold, exhaustive physical effort,
burning, scalding, injuries, hemorrhage, or infections induce activity of the
adrenal cortex, with consequent metabolic changes which have been
organized by Selye66 into a concept of the "adaptation syndrome." The
variety of stress agents which provoke function of the adrenal cortex
prompted Long49 to search for a common factor involved in all stress
situations. He predicted this factor to be secretion of epinephrine and was
able to support his concept experimentally by producing the adreno-cortical
changes of stress by injection of appropriate doses of epinephrine. The
physiological changes of adaptation induced by stress or the injection of
epinephrine do not occur in hypophysectomized rats. Epinephrine, therefore,
does not directly affect the adrenal cortex. Long postulates that the adreno-
cortical mechanisms of adaptation are initiated by secretion of epinephrine,
which in turn induces pituitary secretion of adreno-cortico-trophic hormone
with resulting secretion of adreno-cortical hormones and consequent
adaptation phenomena.
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The stress situations which are associated with adreno-cortical function
tend to be of prolonged, chronic quality. In contrast to the extended,
enduring stress situations, an acute, intense, violent type of stress condition,
accompanied by outpouring of epinephrine or epinephrine-like substances
from the medulla of the adrenal gland has been established by the older
observations of Cannon10 and his school. Evidently both types of hormones
of the adrenal gland have essential functions in stress situations.
An attempt will be made herewith to gather observations from the
extensive literature dealing with changes in blood levels of leucocytes during
stress situations to determine whether the blood leucocyte changes have
meaningful relation to the known functions of the adrenal cortex. The study
will be restricted primarily to stresses of short duration, and to the study
of leucocyte levels after injection of epinephrine. From the standpoint of
method, the phenomena following injection of epinephrine are a controlled
experiment and will be therefore discussed first as a quasi prototype. The
leucocyte changes following electrically induced convulsions, epileptic con-
vulsions, intense brief exercise, and emotional stress will be then compared
with the model pattern of epinephrine.
Epinephrine and adreno-cortical hormones
As mentioned in the introduction, Long presented evidence that
epinephrine can duplicate the effects of stress situations on the adrenal
cortex and produce internal secretion of cortical hormones. Cortical
hormones, in turn, cause dissolution of lymphocytes in micel6 and men.26'42
On the basis of these observations alone, one would be led to expect a
decrease in circulating lymphocytes following injection of epinephrine. In
actuality, injection of epinephrine produces an immediate, absolute, and
relative increase in circulating lymphocytes. The priority of this observation
is attributed to Harvey,38 and the literature is replete with protocols which
confirm this observation. Since there is usually also an increase in the abso-
lute number of circulating neutrophils, the net result is an increase in the
total leucocyte count. The maximum increase in cells occurs usually between
15 and 45 minutes following injection of epinephrine.
The protocols of the few observers who extended their epinephrine
studies beyond the arbitrary one-hour limit, which seemed to appeal to the
great majority, show a subsequent fall in lymphocyte count with a relative
and absolute neutrophilia. The occurrence of two phases of the lymphocytic
response to epinephrine injection was first described in rabbits and guinea
pigs by Frey27 and subsequently found also in human subjects.28'32 While
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the older observers were unable to explain the second phase of lymphopenia,
it seems now possible to attribute this phase to the action of adreno-cortical
hormone,16' 17, 19, 58, 59 whose secretion was initiated by epinephrine, through
stimulation of the pituitary corticotrophic hormones as postulated in the
scheme of Long.49 Injection of adreno-cortico-trophic and adreno-cortical
hormones causes not only lymphopenia, but also a marked increase, relative
and absolute, of polymorphonuclear cells.16 26
It is interesting to note that the investigators of our present era had their
predecessors. Bertelli, Falta, and Schweegers injected dogs with anterior
pituitary hormone. Their protocols demonstrate, both through a decrease in
lymphocytes and an increase in neutrophils, that the injected material con-
tained potent adreno-cortico-trophic hormone. The observation of Bertelli
and co-workers is all the more significant in its support of adreno-cortical
leucocytic relationships since it was made unintentionally, and the results
admittedly did not fit into the scheme of interpretation of leucocytic
mechanisms forwarded by the authors.
The opposite of the injection experiment-the extirpation experiment-is
also available to support the concept of the influence of the adrenal gland on
circulating neutrophils. Borchardt7 demonstrated that it is impossible to
induce a neutrophilic leucocytosis in adrenalectomized cats by the usual
methods, such as injection of epinephrine, pilocarpine, choline, by infection,
or by suffocation.
The second phase of the epinephrine reaction-the phase of lymphopenia
-obligingly supports the theoretical assertions as to its causation, also
through a characteristic and fairly consistent increase in circulating
neutrophils. The sequence of events which results from injection of epi-
nephrine may then be considered in two phases: Phase I, characterized by
lymphocytosis, and Phase II, characterized by lymphopenia and an increase
in circulating neutrophil cells. Phase I is probably a result of direct action
of epinephrine-the epinephrine phase proper; Phase II, an expression of
the adreno-cortical phase of the epinephrine reaction.
Most of the literature which deals with Phase I-the "adrenalin
lymphocytosis"-is preoccupied with the source of the lymphocytes which
appear in the blood stream to swell the total number of leucocytes. A sub-
stantial portion of the research in connection with the epinephrine lympho-
cytosis was stimulated by W. Frey's consistently reiterated assertion that
the spleen was the most important source of the adrenalin lymphocytosis,
and his promotion of the phenomenon as a diagnostic test for illnesses of
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the spleen. The publications on the source of the "adrenalin lymphocytosis"
were reviewed by several authors.3 20, 39, 43, 45, 54
Most investigators conclude that the epinephrine lymphocytosis is a
result of composite action of several factors which may be generally divided
into a group of mechanical, physical factors, and a group of chemical factors.
Although a number of aspects is involved, the mechanical factor of re-
distribution of lymphocytes from locations of immobilization and storage
into the blood circulation, and secondly, a factor of adreno-cortical function
probably account for the major proportion of the lymphocytosis.
As mentioned above, contraction of the spleen contributes an important
portion of the "adrenalin lymphocytosis." Lymphocytes are also added to
the blood stream from lymph nodes, as may be observed from a markedly
increased flow of lymph and lymphocytes through the thoracic duct.2 56,61,72
Small blood vessels contain lymphocytes and other leucocytes, which in the
resting state attach themselves to the walls of the dilated blood vessels under
conditions of stagnation of the blood stream. Constriction of the blood
vessels and increased rapidity of circulation due to action of injected
epinephrine sweep the attached cells into the blood stream.9'21'45
There have been no direct studies to prove the involvement of adreno-
cortical factors in the epinephrine lymphocytosis; however, the related
evidence more than implies the significance of an adreno-cortical agent. It is
known that conditions in which the production of adreno-cortical hormones
is increased, such as Cushing's syndrome, are characterized by relative
lymphopenia.14 In contrast, Addison's disease, a condition of decreased
adreno-cortical function, is characterized by lymphocytosis.14 48 These
clinical observations are supported by animal experiments. Adrenalectomy
in cats,74 rats, and dogs13 also leads to marked lymphocytosis, thus giving
confirmation to the observation on patients with Addison's disease. Corey
and Britton13 were able to restore the pre-operative blood picture in
adrenalectomized animals by administration of adreno-cortical hormones.
Increased levels of corticosterone thus lead to greater dissolution of lympho-
cytes and lymphopenia, while the converse is true of decreased levels of
corticosterone which lead to lymphocytosis. Sayers and Sayers62 were able
to show that increasing the blood level of cortical hormone by pretreatment
of rats with corticosterone prevents the usual metabolic manifestations of
adreno-cortical function. It is possible to surmise that injection of epi-
nephrine, or "participation in a stress situation might cause in the tissues
utilization of cortical hormone, thus lowering the level in the blood,"49
which in turn would lead to lymphocytosis. The adrenalin lymphocytosis of
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Phase I may thus be in part due to decreased corticosterone function, as
well as to the mechanical factors enumerated above. An observation of
Behr3 lends support to this contention. Behr observed the usual lympho-
cytosis after contraction of the spleen following injection of epinephrine;
however, when he stimulated the exteriorized spleen to contraction by a
faradic current, no lymphocytosis followed the contraction of the spleen.
Clinical application of the epinephrine lymphocytosis reaction as a
critical diagnostic test for diseases of the spleen, especially Banti's disease,
was pioneered and staunchly advocated by W. Frey and his co-workers.
He reported an average increase of 3,300 lymphocytes to be normal. An
increase above 2,500 lymphocytes per cmm. is to be considered normal.
An increase of less than 1,500 was considered pathognomonic of disease of
the spleen.29' 30 According to Schenk,65 epinephrine causes an increase of
the lymphocyte count comprising 14-24% of the total leucocyte count.
Friedberg32 found an average increase of approximately 4,000 lymphocytes
one-half hour after subcutaneous
4 5 A injection of epinephrine in a group
43 \ of 51 children.
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FIG. 1. Responses of blood lymphocytes
after repeated subcutaneous injections of
epinephrine. Injection of epinephrine in-
dicated by arrow. Reconstructed from
data by Hatiegan.3
It soon became obvious that the
epinephrine lymphocytosis failed
to occur in disease conditions other
than Banti's disease and splenic
fibrosis. Thus Frey and Lury30 ob-
served failure of the epinephrine
lymphocytosis in a case of sclero-
derma. It is also absent in typhoid
fever,40 influenza, sepsis due to
staphylococci, anaphylaxis, one day
or 16 days after injection of horse
serum,31 acute encephalitis, and ir-
radiation by roentgen rays.4 Wal-
terhofer69 observed failure of the
epinephrine lymphocytosis also in
normal subjects. In a group of 68
subjects, Lucia et al.50 observed a
leucocytosis in 64 cases, while an
early relative lymphocytosis oc-
curred in only 56 subjects tested.
By ingenious experiments Hatie-
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gan39 demonstrated that injection of epinephrine itself may prevent a
subsequent epinephrine lymphocytosis over a period of 6 hours. If epine-
phrine is injected 40 minutes following a previous injection of epinephrine
(see Fig. 1) during the height of lymphocytosis produced by the first
injection, it causes no further increase in lymphocytosis and the lymphocytes
continue in theirpatternofdecrease as if the second injection were not given.
If the second injection of epinephrine is given three hours after the first
one, there is only a slight lymphocytic reaction, and instead there is apt to
be a more significant increase in neutrophils. If the second injection of
epinephrine is given after six hours, the usual epinephrine lymphocytosis
recurs. In the light of our present knowledge it may be surmised that the
failure of the typical epinephrine lymphocytosis after a previous injection of
epinephrine is due to action of adreno-cortical hormone which had caused
dissolution of lymphocytes and thus depleted the available reserve of
lymphocytes which would otherwise be mechanically swept into the blood
stream.
A similar interpretation applies to other conditions in which epinephrine
lymphocytosis fails to occur. Thus acute infections are a chronic stress
situation accompanied by adreno-cortical activity.66 Similarly, irradiation
by roentgen rays induces function of the adrenal cortex.18 The failure of
epinephrine lymphocytosis under the conditions quoted above may be
interpreted as an indication of increased adreno-cortical function on the
same basis as the failure of epinephrine lymphocytosis 3 hours following
a previous injection of epinephrine. Conversely, a marked lymphocytosis
following injection of epinephrine indicates by inference a low level of
corticosterone function and a consequent large number of readily available
lymphocytes in storage reservoirs. A further probable prerequisite for a
sizeable epinephrine lymphocytosis is relaxation of blood vessels and
storage spaces, and stagnation of lymphocytes.
Since both circulating neutrophils and lymphocytes are influenced by
adreno-cortical hormone, inclusion of both variables in a single value, as is
the case in the differential blood count, makes the value a more specific
indicator of adreno-cortical function. A still more specific measure of
adreno-cortical function, a ratio involving only lymphocytes and neutro-
phils, L/N, will be discussed under the title, "Comments."
The duration of the change in the blood leucocyte picture is probably not
limited to the two or three hours suggested by the majority of investigators,
and not even to the six hours claimed by Hatiegan. Friedberg32 states that
at least twice twenty-four hours should elapse between experiments, as he
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had noticed a polymorphonuclear leucocytosis extending over a protracted
period of time following an injection of epinephrine. Loeper and Crouzon48
presented graphs as evidence that the injection of one mg. of epinephrine
in the human subject causes distortion of the blood leucocyte picture over
a period of four days. The mechanism of this type of extended reaction and
its physiological significance is not clear. The authors fail to give experi-
mental conditions of their observations, which also beclouds the issue.
Observations of prolonged action of epinephrine must also take into account
the possibility of a production of leucocytosis on the basis of a conditioned
reflex mechanism in relation to the sampling procedure.64 Also emotional
attitudes to the sampling procedure must be considered, as it has been
shown that both a conditioned reflex mechanism and disturbed emotions
may cause a leucocytosis.70 74 These conditions apply to human beings as
well as to animals.
The duration of the change in the blood leucocyte picture induced by the
stimulus of a single injection of epinephrine probably has some relation to
the dose of epinephrine and also to the circumstances of injection and
sampling. While emotional factors may play a role with small doses of
epinephrine, it is probable that the large doses ranging from 3 to 9 mg.
injected into dogs by Bertelli, Falta, and Schweeger,s were responsible on
their own bio-chemical merit for the production of responses extended over
a period of three or four days.
When a given dose of epinephrine is repeated at daily intervals, both
rabbits and human subjects respond at first by a leucocytosis. However,
subsequently the organism adapts to the dose of epinephrine and no leuco-
cytosis occurs. A steadily increasing shift in the blood picture toward a
relative lymphocytosis may be observed.48
Walterhofer69 and later Behr3 injected animals with repeated doses of
epinephrine over a protracted time and then sacrificed them to study their
bone marrow. Both authors reported alteration in the structure of the bone
marrow indicative of increased hematopoietic activity. The mode of stimula-
tion of the hematopoietic organs is not at all clear and has been attributed for
instance to anoxemia of the bone marrow due to contraction of blood vessels
caused by the action of epinephrine.69 Since it is now known that injection
of epinephrine induces adreno-cortical function, it would seem reasonable
to ascribe the alleged hypertrophy of bone marrow after repeated injections
of epinephrine, and the neutrophilia observed after a single injection of
epinephrine, to a stimulative action of adreno-cortical substances on
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myelogenous structures. That a hyperplasia of myeloid elements does occur
after adreno-cortical secretion has been observed by Dougherty and White.17
Electrically induced convulsions
Convulsions artificially induced for the purpose of treatment of patients
with mental illness are representative examples of stress of short duration
in human subjects. These convul-
sions are accompanied by severe
muscular action, apnea, and fre-
quently cyanosis. The average
duration of 326 electrically induced
convulsions was found to be 41.5
seconds.25 The blood leucocyte as-
pects of electric convulsions are
characterized by an initial lympho-
cytosis12, 24, 52 which subsequently
recedes.24' 52 A similar pattern
occurs in convulsions induced by
metrazol.6 23 The similarity in the
same individual of the epinephrine
lymphocytosis and the lympho-
cytosis of an electric convulsion is
evident from three representative
examples rendered in Fig. 2.
The close similarity between the
epinephrine response and the re-
sponse after an electric convulsion
applies only to the first electric
convulsive treatment. With subse-
quent convulsions the immediate
increase in lymphocytes becomes
less pronounced and may be alto-
gether absent 20 minutes after
a convulsion. As the number
of convulsions increases, there is a
definite shift of the pre-treatment
leucocyte levels toward relative
lymphocytosis in some patients.
Therelativelymphocytosis is usual-
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FIG. 2. Comparison of leucocytic response
to subcutaneous epinephrine with response
to a single electric convulsive treatment
(E.C.T.). Epinephrine 1 mg. per 70 kgm.
body weight, preceded E.C.T. by 72 hours
in subject M.C., 48 hours in subject
H.V., and 24 hours in subject D.K. Mye-
loid cells include neutrophils, eosinophils,
and basophils.
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ly well pronounced after ten or more convulsions. WVith increasing numbers
of convulsion, the second, the adreno-cortical phase of the leucocytic re-
sponse may become more pronounced in individual subjects. The increased
intensity of the adreno-cortical phase is not always evident from a decrease
in the lymphocyte level, which, in some instances, may show little variation
after an electric convulsion, but rather, from combined observations of both
the lymphocyte and neutrophil levels, as for instance, in the relative lympho-
cyte counts. It is at times possible to observe at the two-hour interval in
successive convulsions, an irregular alteration of a pattern of lymphopenia
accompanied by little change in the neutrophil count with a pattern of
marked neutrophilia and little change in the lymphocyte count.
The observations dealing with the leucocyte changes following electrically
induced convulsions are presented in greater detail elsewhere.52 Suffice it
to emphasize here that the initial stress pattern is similar to the pattern
following epinephrine injection, and that progressive repeated convulsions
lead to a progressive cumulative change in the blood leucocyte formula
indicating probably a progressive change in adrenal function.
Epilepsy
The stimulus which leads to the changes in the level of circulating
lymphocytes discussed in the previous sections on epinephrine and electric
shock therapy was applied from the environment. The stimulus was control-
lable not only as to the magnitude of dose but also in respect to time. The
timing of the stimulus is especially important in studies of brief stress, as it
makes it possible to relate the various observed phenomena to each other
and to a fixed, original causative agent. In contrast, in epilepsy, the
stimulation of the central nervous system which leads to a convulsive
seizure is endogenous, originating from within the disturbed metabolism
of the subject.
The endogenous nature of the stimulus in epilepsy is a source of difficulty
in the study of reactions to the convulsions. The most distressing factor is
probably the unpredictability of the oncoming convulsion. In sporadically
occurring convulsions it is a fortunate accident when a control sample is
obtained shortly before the onset of the epileptic convulsion. The problem
of predictability of the onset of the epileptic convulsion has probably
resulted in weighting of the literature with protocols of cases which have
a protracted aura. It is probable that the selection of cases was influenced by
this factor which affords the investigator sufficient time to collect control
samples before the onset of the convulsion. Since states of excitation of the
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central nervous system, especially states of emotional anxiety, influence the
blood leucocyte level in the same manner as does the convulsion proper, the
results obtained from the study of epileptic convulsions with an aura are not
necessarily representative of all epileptic convulsions.
To cope with the unpredictability factor, most investigators have
approached the problem by taking daily or periodic blood counts and thus
establishing a base line as a control sample.15 36, 37, 71 Convulsion samples
were then collected whenever the convulsion occurred. By chance, an
occasional routine sample was collected shortly before a spontaneous
convulsion. A large proportion of protocols presented in the literature are
derived from patients with frequent convulsions, although the excellent
work of Krumbmiller46 includes protocols of patients with intervals between
convulsions ranging over several months.
Despite the obvious difficulties of methodological approach, the variability
of the studied cases, and the individual discrepancies in interpretation of
results by various authors,35' 47 the recorded data are fairly uniform in their
amenability to interpretation along the herein developed concepts of adrenal
mechanisms of leucocytic responses. Most observers who studied the leuco-
cytic responses to epileptic convulsions are in agreement on the occurrence
of leucocytosis following convulsions.8 ,1 ,15, 36, 37, 43, 44, 46, 57, 60 Samples col-
lected immediately following the convulsion usually show lymphocytosis.
Samples collected after intervals longer than thirty minutes are usually
characterized by relative lymphopenia and neutrophilia. The typical pattern
of leucocytosis also occurs after convulsions resulting from known etiolog-
ical factors, such as dementia paralytica or other organic brain disease.8' 11
A topic of controversy revolves about the question as to what happens
preceding an epileptic attack. Itten44 and Zimmerman73 report an increase
in the total leucocyte count with a relative lymphocytosis which begins one
to two days preceding an attack. Itten indicates that following an attack the
leucocytosis recedes to the lower value of the attack-free interval only if no
other attacks follow within 48 hours. However, if the leucocyte count
continues high after an epileptic attack, another attack occurs within 24 to
36 hours. Di Gaspero15 observed a leucopenia with lymphocytosis several
hours preceding an attack and ventured to discuss predictability of an attack
on the basis of the leucopenia. Di Gaspero stresses that the decrease in
leucocyte count is due principally to a decrease in neutrophils. He also
claims that there is a tendency to relative lymphocytosis in the inter-
paroxysmal period. Krumbmiller,46 by repeated observations on one case
with regular daily attacks, documents a normal blood picture up to six
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minutes preceding an attack. The protocols presented by the various authors
show that their conclusions were derived from individual cases rather than
from large numbers of observations-a natural consequence of the technical
difficulties mentioned above.
Our own studies with electrically induced convulsions52 seem to indicate
that all three variables of lymphocytosis, lymphopenia, or no change in
distribution of leucocytes may occur. The comparison is not strictly parallel
as the endogenous excitant in epilepsy which leads up to a final peak of
excitation and a seizure is probably exerting an influence on the blood
counts for an indefinite interval preceding the seizure. In contrast, in
electrically induced convulsions, any influence of a seizure on the blood
count must be attributed to a preceding seizure. The prodromal anticipation
of an epileptic, especially in the presence of an aura, and the emotional
anticipation of the patient who is about to receive an electric convulsive
treatment are possibly comparable factors in both conditions.
In 13 patients who received a total of 113 electric convulsive treatments
and therefore had 100 multiple convulsions, the relative lymphocyte count
was above the first control levels in 57 instances preceding the multiple
treatments and lower in 38 instances, while on 5 occasions the relative
lymphocyte count was approximately the same as preceding the first
treatment. However, the increase in lymphocytes was equal to or exceeded
10%o of the total neutrophil count in 35 instances, while the decrease equaled
or exceeded 10%o of the total neutrophil count in only 9 instances. An
increase or decrease in lymphocytes of 10% of the neutrophil count or
0.1 L/N represents 500 lymphocytes if the neutrophil count is 5,000. As
evident from these values there is a greater tendency toward lymphocytosis
than toward lymphopenia in serial convulsive seizures.
These proportions in a tendency toward lymphocytosis or lymphopenia
are also borne out by the statistical studies of Spangler.67 This author
reported lymphocyte counts above normal range in 51%, below normal
range in 10% of his 100 epileptic cases. Fifty-two per cent of the 182 cases
of Patterson and Weingrow55 showed a leucocytosis-predominantly
lymphocytic-while 20.3%o showed a leucopenia. Zimmerman73 considered
normal the average leucocyte count of his 10 epileptic subjects during an
attack-free period, although a relative lymphocytosis was observed in three
subjects.
The predisposition to have a relative lymphopenia or leucopenia as
contrasted to the predisposition to have a relative lymphocytosis during the
emotional tension preceding an electric convulsive seizure may be an
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expression of the constitutional structure of the personality of the patients.
Since a detailed report will be rendered elsewhere,52 it will be only men-
tioned here that multiple electric convulsions of those individuals who are
active or excited are preceded by increasing lymphopenia as their condition
improves. In contrast, depressed, underactive patients are apt to show an
increasing lymphocytosis concomitant with improvement in their depressed
condition.
The frequency, severity, and character of the convulsions are an important
factor in determining the type of reaction of the blood leucocytes. Thus it is
obvious from the protocols of several authors, 37,43 but clearly demonstrated
in the excellent graphs of Wuth7l that a series of multiple convulsions
occurring within a period of a few days leads to a marked leucocytosis with
relative lymphopenia which gradually adjusts to normal values over a
period of three or four days following the last convulsion. In contrast, in
the case presented in Chart 8 of Wuth,71 one convulsion daily over a period
exceeding two weeks led to a persistent relative lymphocytosis in a manner
similar to that observed in some cases of electric convulsive therapy52 and
also after multiple injections of epinephrine.48
An interval of three or four days before or after a seizure is generally
accepted as necessary for indication that a patient's leucocyte count is free
from the influence of a seizure.55 This observation is of interest in connec-
tion with the empirically derived spacing of convulsions induced electrically
in mental patients for therapeutic purposes as the majority of therapists
produce therapeutic convulsions at two- to three-day intervals.
In summary, the observations pertaining to changes in leucocyte counts
during epilepsy relate to two types of phenomena: (i) The brief stress
situation of the convulsion and the resulting conditions which appear within
a few hours following the brief stress situation; (ii) the overall leucocytic
changes related to the epileptic condition and extending over periods of
days or possibly over the whole duration of the epileptic condition.
The majority of the well-documented observations relating to the pattern
of blood leucocyte change immediately following an epileptic seizure are in
accord with the observations pertaining to electrically induced convulsions
and confirm the general pattern occurring after an injection of epinephrine.
The epileptic convulsion is, in general, followed by leucocytosis which is
at first lymphocytic and in its second phase neutrophilic. This pattern is not
readily evident in convulsions which occur at short intervals measured in
terms of minutes and hours. Even in this respect of a less pronounced
leucocytic response there is similarity between multiple spontaneous con-
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vulsions and multiple induced convulsions. The failure of lymphocytosis
after multiple, closely spaced injections of epinephrine is thus also matched
by the failure of lymphocytic responses following multiple convulsive
phenomena.
The leucocytosis in epilepsy which has attracted the attention of observers
during the past fifty years may be classified in generalization as:
1. Interparoxysmal lymphocytosis occurring in occasional cases.
2. Prodromal lymphocytosis preceding attacks by 24 to 48 hours in
some patients.
3. ConvAulsion lymphocytosis occurring within a few minutes after an
epileptic attack in most patients.
4. Post-convulsion leucocytosis, usually neutrophilic which persists for
several days following a convulsion.
Exercise
The review of the literature on leucocytosis in exercise presented by
Garrey and Bryan33 provides sufficient information to enable one to draw
the conclusion that the pattern of leucocytosis following exercise does not
differ essentially from the pattern of leucocytosis occurring after a con-
vulsion or the injection of epinephrine. Short bouts of severe exercise cause
an immediate lymphocytic leucocytosis which soon gives way to a poly-
morphonuclear leucocytosis. Leucocyte counts after a marathon run which
lasts between two and a half and three hours show a marked increase in
polymorphonuclear cells which in one study formed between 84.4% to
91.4%o of the total leucocyte count. It was observed that the neutrophilic
leucocytosis "did not subside to the normal count after 24 hours."
Several authors have also noticed that in trained subjects there is only
little distortion of the leucocytic formula following exercise. Evidently the
leucocytic response to exercise may be absent in a manner similar to the
absence of the leucocytic response observed after repeated doses of
epinephrine or after repeated convulsions occurring at short intervals.
Emotional leucocytosis
A number of investigators have provided evidence of an association
between conditions of psychic excitation and the blood leucocyte count.
Pertinent references were gathered by several reviewers.33'43 53 In the
discussion of brief stress situations the emotional leucocytosis again poses
a problem similar to that of epilepsy in the diffuse and inaccurate timing of
the stimulus. Probably the most suitable observations in this respect are
those of Wittkower,70 Bath,1 and Menkin.51
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XVittkower70 suggested states of joy, sadness, anxiety, rage, or jealousy
under hypnosis and observed increases of 2,000 to 5,000 in the leucocyte
count and a "mild lymphocytosis." Bath,1 in her studies of leucocytosis
following a meal, noticed that a prompt leucocytosis occurred even if the
meal were merely placed in front of the subject without subsequent
ingestion. This type of experiment presents some of the finer aspects of
emotional leucocytosis, as the leucocytosis might also be interpreted as
developing on the basis of a conditioned reflex.64 A state of emotional
"mononucleosis" was observed in cats by Menkin.51 A consequent decrease
of the mononuclear cells below the initial level occurred 40 minutes after
the emotional stimulus.
States of prolonged excitation, especially those which accompany mental
illness, are accompanied by a protracted leucocytosis. The type of leuco-
cytosis is a matter of contradiction in the various reports in the literature.
Hoff43 in his review states that a neutrophilic leucocytosis prevails during
the state of excitation. During remission from excitation a lymphocytic
leucocytosis succeeds the neutrophilic leucocytosis in the same manner as
following infectious illnesses. Tinel68 also observed a neutrophilic leucocy-
tosis in states of manic excitement or anxious agitation. In contrast, Itten44
reports and documents by graphs that a lymphocytic leucocytosis prevails
during the morbid stage of schizophrenia. If the schizophrenic improves, an
accompanying abatement of the lymphocytic leucocytosis ensues. Farris22
observed a protracted lymphocytosis during emotional tension and anxiety
preceding final examinations in medical students. The lymphocytosis was
also sustained over the two-day period of examinations. The emotional
lymphocytosis receded two to five hours after an examination following
which the subjects were reassured of passing. Milhorat53 and co-workers,
also Hill,41 found n1o change in the differential blood count in states of
chronic excitation and anxiety.
C'onn'ments
Survey of the literature dealing with blood leucocyte levels and their
variation points to the conclusion that brief states of excitation of the human
and higher vertebrate organisms lead to typical changes in concentrations
of circulating leucocytes. Function of the intact vertebrate organism can
not be conceived as devoid of simultaneous involvement of the nervous
system; nevertheless a typical response in the leucocyte picture occurs
regardless whether emphasis of the excitation is placed on the muscular
system, the digestive system, or on the function of the psyche. The same
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pattern of leucocyte change occurs after muscular exercise, a convulsion,
administration of food or drugs, or after psychic stimulation. Under speci-
fied conditions-the most important condition being absence of a stress
situation preceding the observed excitation-the leucocyte change consists
of a lymphocytic leucocytosis immediately following the excitation. After
approximately one hour the lymphocytosis gives way to a reverse situation
-a lymphopenia with a neutrophilic leucocytosis. Extirpation, injection,
or substitution experiments point to the adrenal gland and its function as
the agent responsible for the typical leucocytic response. The master pattern
for all conditions which invoke the leucocytic response is the pattern which
follows injection of epinephrine.
De la Balze et al.14 compared the relative lymphocytosis of Addison's
disease with the lymphopenia observed in Cushing's syndrome. While the
absolute counts of lymphocytes per cu.mm. overlapped to a slight degree in
the two disease conditions, the relative counts of lymphocytes per 100 cells
showed no overlap whatsoever. De la Balze and co-workers concluded that
the differential blood count was a reliable indicator for differentiation of
Addison's disease from Cushing's syndrome.
Closer analysis of the data presented by de la Balze and co-workers
reveals that the greater resolving power of the relative blood count is due
to mathematically relating the lymphocyte count to the neutrophil count,
which in Cushing's syndrome was on the average twice as high as in
Addison's disease. The mathematical relation of the percentage of lympho-
cytes to that of the neutrophils is based on limitation and relation of both
variables to 100 cells counted-as expressed in the formula:
L + N + X - 100
where L equals lymphocytes per cent, N equals neutrophils per cent, and
X equals the sum of the remaining white cells per cent. In this equation,
any increase in N results in a depression of L and X, due to the fixed ratio
to 100 cells. Thus, for instance, using values from protocols of de la Balze
and associates, a count of 2,068 lymphocytes per cubic millimeter in a
patient with Cushing's syndrome and a neutrophil count of 16,544 resulted
in a relative lymphocyte count of 1%.
In order to use the leucocyte count as a numerical expression of adreno-
cortical function, two conditions should be fulfilled. It is first desirable
to eliminate non-specific factors.34 While this is not wholly achievable, it
is possible to eliminate the non-specific factor of X in the equation
L + N + X = 100, mentioned above, by the non-inclusion of the value
of X in the desired formula. With the exception of eosinophil cells, which
85YALE JOURNAL OF BIOLOGY AND MEDICINE
decrease in number with an increase of adreno-cortical function,26 the value
of X in the above equation is not related to adreno-cortical function.
Secondly, since the value of L and N is influenced in opposite directions
by adreno-cortical function, it is desirable to place them in a reciprocal,
mathematical relationship. A formula which satisfies both conditions is a
simple ratio of the lymphocytic count to the neutrophil count-L/N-which
thus makes the lymphocyte count an indirect function of the neutrophil
count. Since the total lymphocyte count per cu.mm., and the total neutrophil
count per cu.mm. are derived in both instances by multiplication of the
total leucocyte count by the percentage of the individual types of cells,
L% X total leucocyte count per cu.mm.
N%b X total leucocyte count per cu.mm.
it is possible to derive the ratio L/N from the differential count alone, as
the total leucocyte count is eliminated by cancellation.
The advantage of the ratio L/N as a numerical expression of adreno-
cortical function may be gleaned from the following table in which the
previously mentioned values of de la Balze et al. derived from patients with
Cushing's syndrome and Addison's disease are compared.
Lymphocytes Neutrophils Lymphocytes L/N
per cu.mm. per cu.mm. Per cent
Addison's disease 2,016 5,380 24 .37
Cushing's syndrome 2,068 16,544 11 .13
Obviously, changes in the level of circulating leucocytes are not the only
physiologic manifestation which follows a brief stress situation. Evidence
from a wealth of publications points to the involvement of many bio-
chemical constituents in the metabolic commotion which follows brief
stress.60' 63, 66 The pattern of the metabolic changes and the time intervals,
which are similar to those of the leucocyte changes, direct attention to the
adrenal gland as the governing force of many aspects of the dynamic
sequence of adaptation to the stress situation.
The understanding of the basic mechanisms which govern the leucocyte
changes occurring after brief stress situations makes it possible to view
critically the discrepancies observed in reports by previous workers. Claims
and counterclaims were not primarily concerned with the occurrence of
leucocytosis following a stress situation, as the observations were fairly
uniform in this respect, but rather with the differential type of cells that
were accountable for the leucocytosis. The studies on epilepsy were
especially at variance.35 47
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A review of the reports which led to the incongruity of claims brings
forth evidence that the individual authors failed to direct sufficient attention
to three factors, which may now be viewed as most essential for obtaining
uniform results. These factors are accurate and standard time intervals in
relation to the onset of stress, the occurrence of another stress situation
preceding the stress under observation, and possibly the constitutional
individuality of the subjects under observation.
Investigators who collected their samples within a half hour after a single
stress experience were apt to find a decided lymphocytosis. In contrast,
investigators who secured samples approximately one hour or later after a
stress found a neutrophilic leucocytosis, as did also those who analysed
samples from subjects with recurring stress (cf. Fig. 1).
The fundamental kinship of the leucocytic responses in various forms of
brief stress is also carried over to the phenomena of repeatedly applied
stress. The lymphopenic-neutrophilic leucocytosis after epileptic convulsions
recurring at intervals of several hours is evidently only a protracted second
phase of the leucocytosis of brief stress stimuli repeated sufficiently often
to maintain a continuous state of adreno-cortical activity similar to that
observed under conditions of protracted stress such as exposure to cold,
exhaustive muscular effort, infectious illnesses, etc. The elucidation of the
mechanisms underlying the protracted lymphocytosis, which occurs in some
individuals in whom stress recurs at daily intervals, is not clearly evident
from the few studies represented. Nevertheless, the sustained lymphocytosis
to repeated stress is sufficiently universal to have occurred in four of the
five types of stress reviewed, e.g. epinephrine injection, epilepsy, electric
convulsive therapy, and emotional tension preceding a series of college
examinations.
The extinction of the lymphocytic response after repeated injections of
epinephrine, after convulsions repeated at two-day intervals, or during
athletic training is another leucocytic phenomena which is not easily
interpretable and will require more investigation, particularly as to its
specificity for the particular stress situation. Is it for instance impossible to
elicit an epinephrine response in a subject under athletic training or during
electric convulsive therapy?
Review of leucocytic phenomena after brief stress situations points to the
importance of time factors of the observations. To obtain meaningful results,
it is necessary accurately to appraise the stress situation as being an
independent, single stress, or one of a sequence of stresses; furthermore,
it is necessary to time accurately the onset of the stress and the intervals of
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observation. With due regard given to the time factors and singularity of the
stress situation, valuable conclusions on the metabolic state of the organism
may be drawn from observations of the changes in blood leucocyte levels.
If the stress situation is repeated at short intervals measured in hours, the
leucocyte response assumes the character of an enduring chronic stress
situation, with its characteristic neutrophilic leucocytosis and extended
adreno-cortical function. Spacing at intervals of one or two days permits
recovery from the neutrophilic leucocytosis, in some instances leading even
to a prevalent lymphocytosis; nevertheless, the influence of the previous
stress is still sufficiently ingrained to preclude the occurrence of a full
lymphocytic response. Spacing of identical stress situations at intervals
greater than four days probably isolates the stresses sufficiently to make
them independent and individual in respect to a mutual influence upon
each other.
Conclusionts and summinary
The wealth of documentary reports which deal with the leucocyte changes
during brief stress situations points to the conclusion that a similar physio-
logical process follows each brief stress situation, whether it be as violent
as the experience of an epileptic convulsion, or fear of injury, or perhaps as
gentle as the mere contemplation of a tasty meal; the leucocytic response
retains a similar pattern whether it expresses the consequences of already
expanded effort or a mere preparedness for an internal or external
adaptation.
The response of circulating leucocytes to brief stress is consistent with
known mechanisms of adrenal function and their relation to stress. On the
basis of pertinent observations of various authors a hypothesis is formulated
that the initial lymphocytosis which follows the brief stress situation is
a consequence of an epinephrine-like action-a usual concomitant of brief
stress. The subsequent lymphopenic and neutrophilic leucocytosis is in turn
an expression of activity of the adrenal cortex.
A protracted aftermath of the brief stress situation manifests itself in the
leucocyte picture by a diminished lymphocytic response on repetition of a
similar stress within two or three days, as for instance in electrically
induced convulsions. In occasional subjects lymphocytosis may prevail
during a series of suitably spaced brief stress situations.
Since both a lymphopenia and a neutrophilia result from adreno-cortical
activity, appropriate combination of numerical values of both the lympho-
cyte count and the neutrophil count in a single value enhances the sensitivity
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of the leucocyte count as an indicator of adreno-cortical activity. A useful
expression of adreno-cortical activity is the commonly used relative
lymphocyte count or a ratio of lymphocytes to neutrophils-Lymphocytes
Neutrophils.
The three most important determinants of the differential type of
leucocyte count which will be found after a brief stress situation are: the
duration of the stress and the time of the interval following stress; the
absence or presence of a preceding stress within approximately four days;
and the constitutional individuality of the subject.
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